Background -There are times in clinical practice when it would be useful to be able to assess the severity of airways obstruction from tidal breathing. Three indices of airways obstruction derived from analysis of resting tidal expiratory flow have previously been described: (1) Tme/ TE = time to reach maximum expiratory flow/expiratory time; (2) Krs = decay constant of exponential fitted to tidal expiratory flow versus time curve; and (3) EV = extrapolated volume -that is, area under the curve when the fitted exponential is extrapolated to zero flow. In this paper a further index -dt,/TE, time from the beginning of expiration till the rapid decay of flow beginslexpiratory time -is evaluated. The aim of this study was to assess the ability of these indices to detect mild airways obstruction. 
Background -There are times in clinical practice when it would be useful to be able to assess the severity of airways obstruction from tidal breathing. Three indices of airways obstruction derived from analysis of resting tidal expiratory flow have previously been described: (1) Tme/ TE = time to reach maximum expiratory flow/expiratory time; (2) Krs = decay constant of exponential fitted to tidal expiratory flow versus time curve; and (3) EV = extrapolated volume -that is, area under the curve when the fitted exponential is extrapolated to zero flow. In this paper a further index -dt,/TE, time from the beginning of expiration till the rapid decay of flow beginslexpiratory time -is evaluated. The aim of this study was to assess the ability of these indices to detect mild airways obstruction. Methods -A histamine bronchial provocation test was performed in 20 adult patients with a diagnosis of asthma or symptoms of cough and/or shortness of breath. Baseline forced expiratory volume in one second (FEV,) , functional residual capacity (FRC), and specific inspiratory conductance (sGaw) were measured and the measurements repeated after the final inhalation of histamine. Expiratory flow patterns during quiet breathing over five consecutive representative breaths were analysed before and after histamine. The test was concluded in 12 subjects when Expiratory tidal flow has a different pattern in patients with significant airways obstruction than in normal subjects.'`7 Buohuys4 stated in 1957 that "in most cases the difference between normal and abnormal records can be seen at a glance: the abnormal records show a constant pattern in all cycles, the maximum expiratory flow rate is reached early in expiration and the record is smooth without the normal small variations in flow rate". In his study, although he found the time to reach maximal tidal expiratory flow considerably shortened in patients with significant airways obstruction, he felt the degree of overlapping of normal with abnormal subjects for this finding was such that it could not be used to distinguish normal from abnormal records.
The most commonly employed tests of airways obstruction are those in which maximally forced flow rates are measured. Such tests are not applicable in uncooperative or unconscious adult patients, or in infants or young children. In such circumstances, and in large epidemiological studies, a portable test of airways obstruction requiring only a short run of tidal breathing would be useful. With the recent emphasis on the benefits of non-invasive technology and the advent of computerisation there has been a resurgence of interest in the analysis of tidal flow patterns as a tool in the assessment of airways obstruction. This has resulted in a growing core of published work, mainly by paediatricians, to validate these measurements. [8] [9] [10] [11] [12] [13] [14] We have previously described three indices of airways obstruction derived from analysis of resting tidal expiratory flow67 ( fig 1) In this study we have added a fourth index, dtr/TE (fig 1) , which is a revised version of the original Tme/TE (see Methods section for description).
The main aim of this study was to see whether, in the most difficult cases when within subject variability is maximum4 -that is, subjects with normal lung function who develop very mild airways obstruction -this analysis, using all the indices that we have described, could detect change. We studied adult patients in whom airways obstruction was induced by inhalation of histamine to determine whether (1) Flow was calibrated with a flow signal of 1 1/s via a rotameter and the flow signal was integrated to give volume. Tidal flow over five consecutive representative breaths was analysed to give mean Tme/TE. An exponential was fitted to the flow versus time decay during the period between 50% and 90% tidal volume expired beginning where, by eye, the rapid decay of flow was deemed to begin (starting point 50-70% of tidal volume expired) (figs 1 and 3). Mean Krs and EV for the same five breaths were calculated. When the RASP computer program was used (in the last two patients) a straight line was fitted to the flowvolume curve from the onset of rapid decay of flow to determine Krs, the slope of this line ( fig 2) . A revised index dt`TE was calculated as the time from the beginning of expiration until the exponential decay began (rather than the peak) divided by expiratory time (fig 1) . Within observer variation of dtr/TE expressed as coefficient ofvariation was 1 1 % baseline and 8% after histamine. Between observer coefficient of variation was 7% baseline and 7% after histamine. Because in some normal subjects there was a plateau of flow after the peak was reached before the exponential decay began, this index was larger than Tme/TE (paired t test, t=3.62, p=0 0005 baseline, and t= 1 65, p=0 05 after histamine) (fig 1) . Indices of respiratory pattern, frequency f, tidal volume VT, mean inspiratory flow rate VT/Ti, and inspiratory duty cycle Ti/TTOT, were calculated from the same five breaths. These tests were repeated after the final inhalation of histamine. The histamine challenge test was concluded in Baseline Histamine Figure 5 Changes in the index dtgTE after histamine challenge, p<0005. In 17 other normal subjects repeated measurements (n = 101) were made of these new indices from tidal breathing on the same and different days. Mean within subject standard deviations were Krs 0 58 s -, Tme/TE 7%, dt,l TE 7%, EV 0-02 litres, coefficients of variation Krs 21%, Tme/TE 21%, and dtr/TE 10%. In 11 patients with airways obstruction (FEVy 47 (21) % predicted) mean within subject standard deviations (33 measurements) were Krs 0-06 s-1, Tme/TE 1-5%, dtfTE 3-8%, EV 0-05 litres, coefficients of variation Krs 7%, Tme/ TE 6%, dtr/TE 10%, and EV 16%. 
Discussion
This study shows that analysis oftidal breathing gives indices that can detect both increase in airways obstruction and increase in end tidal volume after histamine inhalation. Histamine-induced bronchoconstriction was used as a model of asthma so that acute changes in FRC could be studied. The size of the significant change in EV which occurred after the inhalation of histamine did not correlate with the change in the plethysmographically piratory flow and FEV, -are also non-specific, being affected by muscle strength, chest wall and lung recoil, lung and airways compliance, as well as by the calibre of the airways. Despite this, these measurements are extremely useful in the practical assessment of airways obstruction. The lack of specificity of the indices of tidal expiration, Krs, Tme/TE, and dtr/TE, does not therefore rule them out as potentially useful in the assessment of airways obstruction.
The model of asthma that we chose caused only mild bronchoconstriction rather than significant clinical asthma. The visual impression of less variability in the tidal expiratory flow pattern in airways obstruction than in normal subjects, that we in this study and others4 have commented on, is documented in this study as a decrease within subjects of SD of Krs and of dtfTE after histamine compared with baseline SDs. It is our belief that change from normality to very mild airways obstruction is a "worst case") scenario for this analysis because of the variability of these indices in normal subjects as described by Buohuys.4 We are encouraged by the modest success of this analysis in detecting these small changes after histamine, and a study is underway to test the usefulness of this analysis in acute severe asthma where the practical benefits of a test not requiring respiratory gymnastics will be more evident. In the computer analysis a straight line is fitted to the expiratory flow-volume decay rather than, as in the first part of this study, an exponential to the flow-time decay. This is an improvement to the method because immediate assessment by eye of the goodness of fit of the imposed line and thus of the validity of the derived results is possible.
There is no doubt that a reliable method of quantifying the degree of airways obstruction, requiring from the patient only a run of tidal breathing through a pneumotachometer, would be useful in situations where maximum forced manoeuvres are unreliable or inapplicable. 
